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ABSTRACT

Sound measuz:ements were conducted In the CH -47B (Chinook)
Helicopter under conditions of normal cruise, maximum continuous
power, level M t at various air speeds, hover, level acceleration
and deceleration, and partial-" ower descent. Results are presented
and compared with applicable parts of Miitary Specification MIL-A-
8806A and U. S. Army Human Engineering Laboratories Standard
S-1-638. Variations of the noise from that specified in these docu-
ments are discussed, and it is recommended that the noise be reduced
to conform to the specified levels.
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ACOUSTICAL STUDY OF THE CH-47B (CHINOOK) HELICOPTER

INTRODUCTION

Sound measurements were made in the CH -47B (Chinook) Helicopter at the
request of the U. S. Army Aviation Test. Activity Preliminary Evaluation Team,
Edwards Air Force Base, Cal., on 13 and 14 April 1967. The tests were conducted
at Philadelphia International Airport, Philadelphia, Pa. The Chinook tested was
serial number 65-7992. Measurements were made during level flight at various
speeds, during hover conditions, during level acceleration and decelerations, and
during partial-power descents. The measurements were checked for compliance
with Military Specification MIL-A-8806A (6). For reference purposes, the measure-
ments were also compared with HEL Standard S-I-63B (5).

METHOD

Measurements were made in all or some of three specific locations inside the
aircraft for the various flight conditions tested. These locations were (1) Station 95
(in the cockpit) between the heads of the pilot and copilot at approximately ear height,
(2) Station 320 (in the cargo area) on the longitudinal axis of the aircraft, and (3)
Station 480 (in front of the rear ramp) also on the longitudinal axis of the aircraft
(Fig. 86A). In addition, measurements were made outside the aircraft at four positions
on the ground while the helicopter hovered 10 feet above. These positions were all
approximately 20 meters from the aircraft and were located (1) at 00 (directly in
front of the aircraft), (2) at 900 (on the starboard side of the aircraft), (3) at 1800
(directly behind the aircraft), and (4) at 2700 (on the port side of the aircraft)
(Fig. 87A).

Measurements were made at two rotor speeds, 225 rpm and 230 rpm, for most

fldght conditions; however, data were obtained at only one rotor speed for a few con-
ditions.

Equipment used in making the measurements was (1) A Bruel & Kjaer (B&K)

Type 2293 sound-level meter, (2) a B&K Type 1613 octave-filter set, (3) a B&K
Type 4131 microphone, and (4) a Nagra Type rn-B tape recorder. Equipment was
set up as shown in Figure 88A. A sample of noise was recorded in each of the test
positions for each test condition. For these recordings, the octave -filter set was
bypassed and the sound-level meter served as an attenuator-prearaplifier, calibrated
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in 10-decfhel (dB) steps. To assure veracity of the recordings, the octave-filter set
was used .o make an on -site octave -band noise analysis, which was later compared
with tape-recorded data taken under the same conditions to verify that the readings
were the same.

The tape recordings thus obtained were analyzed in the laboratory using (1)
the same Nagra Type Ill-B tape recorder, (2) A B&K Type 1612 band-pass filter
set, (3) a B&K Type 2604 microphone amplifier, and (4) a B&K Type 2305 graphic
level recorder. This equipment was set up as shown in Figure 89A. A noise sample
was played back, using the microphone amplifier as an amplifier and attenuator,
through the octave-filter set. The noise spectrum was then traced automatically by
the graphic level recorder. For noise samples that do not vary with time such as
those obtained during level flight, the octave-filter set sweeps through the octaves
automatically, producing a record similar to that shown in Figure 90A. For noises
that vary with time, as during an acceleration or deceleration, it is necessary to
plot cach frequency band separately, producing a set of records similar to that
shown in Figure 91A.

Calibration of the above equipment was performed according to manufacturers'
instructions and has National Bureau of Standards traceability. Procedu:es to be
followed in calibrating sound-level meters and microphones are covered ny ASA
Standards (1, 3). A known sound level of 124.0 dB was produced by a B&K Type 4220
pistonphone calibrator. This known sound level was recorded on tape through the
same microphone which was used to make the noise recordings. When the noise
recordings were analyzed, the known sound level was used to adjust the output of the
graphic recorder, assuring accuracy from source to final plot.

Some noise samples taken at Station 480 were taken again with all inside panels,
insulation, etc., aft of Station 486 removed to expose the hydraulic lines, etc., in
that section. This was done to simulate actual combat conditions, since these aircraft
are being flown in the Republic of Vietnam with these panels, etc., removed so that
hydraulic-line breaks caused by enemy fire can be quickly observed.

All noise analyses were performed using the "preferred" frequencies of the
ASA Standards (2). Both HEL Standard S-1-63B and Military Specification MIL-A-
8806A now use these "preferred" frequencies.
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RESULTS

Measurements at Normal Cruise -Power Air Speed

These measurements were performed at all three interior positions at a rotor
speed of 225 rpm. No data were obtained at a rotor speed of 230 rpm. The results
are shown ia Table IA and in Figures 1A to 3A. For normal cruise -power air speed
only, an exception was granted by the Detail Specification (4) which increased the
allowable octave-band noise levels of the applicable part (Table IV A) of MIL-A-8806A.
This new noise level is shown in table and graphs, along with the original level for
reference. The HEL Standard was not altered by the Detail Specification, and it is
also shown in the table and graphs for reference.

Measurements at Maximum Continuous Power

These measurements were performed at all three interior locations at a rotor
speed of 230 rpm. No data were obtained at a rotor speed of 225 rpm. The results
are shown in Table 2A and in Figures 4A to 7A. For maximum continuous-power
data, MIL-A-8806A has two parts that apply. One (Table mI A) applies only when
personnel wear protective helmets, and the other (Table I A) applies when helmets
are not used. Both are shown for reference in the table and graphs, as is the HEL
Standard.

Although the CH-47B's maximum continuous power is 1520 pounds torque, an
additional set of measrurements was performed under the short duratior, power of
1720 pounds torque. These data also were obtained only at a rotor speed of 230 rpm.
The results are shown in Table 3A and in Figures 8A to IPA. Thfie table and graphs
also show the part (Table I. B) of MIL-A-8806A that is applicable for short duration
conditions, as well as the HEL Standard.

Measurements in Level Flight at Various Air Speeds

These measurements were performed at all three interior locations at rotor
speeds of 225 rpm and 230 rpm. The speeds selected for measure.nent were 30
-knots, 40 -knots, 60 knots, 80 knots, 100 knots, 120 knots, and 140 ;mots. The Te-

sults are shown in Tables 4A to 1OA and in Figures 1 1A to 56A. No clita were ob-
tamined at Stations 320 and 480, rotor speed 225 rpm, air speed 140 knots, because
equipment malkunioned. Measurements were not made at Station 480 with insulating
panels removed at any air speed for rotor speeds of 225 rpm, nor were they made at I
30 knots at 230 rpm. In some other records either the first or last point was omitted
because of limited dynamic range of the equipment.
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The various air speeds may all be considered to be short -duration conditions;
hence, the part (Table IIA) of MIL-A-8806A that applies to these conditions is shown
in the tables and graphs, as is the HEL Standard.

Measuremems During Hover Conditions

Measurements were performed oa all three interior locations while the aircraft
was hovering (out of ground effect) at rotor speeds of 225 rpm and 230 rpm. At
Station 480 measurements were made both with insulathig panels in place and with
them removed. The results are shown in Table IlA and in Figures 57A to 64A.
Since hovering may be considered to be a short-duration condition, the part
(Table II A) of MIL-A-8806A that applies to those conditions is shown in the tables
and graphs, as is the HEL Standard.

Measurements were also performed at the four exterior positions described
earlier (Fig. 2A) while the helicopter was hovering (in ground effect) at approximately
10 feet. These results are shown in Table ,2A and in Figures 65A to 68A. Since
MIL-A-8806A applies just to noise inside the aircraft, the HEL Standard is the only
one shown in the table and graphs.

Measurements During Level Accelerations and Decelerations

Measurements were performed at two interior locations (Stitions 95 and 320)
at rotor speeds of 225 rpm and 230 rpm during level accelerations from 40 knots
true air speed to 140 knots true air speed. The data were analyzed to show the time
history of the noise in each octave band. From these analyses the range of the high-
est to the lowest sound pressure level was obtained for each octave band. These
results are shown in Table 13A and as the shaded area in Figures 69A to 72A. The
table ond graphs also show the part (Table It B) of MIL-A-8806A that is applicable
for short-duration conditions as well as the HEL Standard.

Measurements were also performed in the same locations and at the same
rotor speeds during level decelerations from 140 knots true air speed to 40 knots
true air speed. This data was also analyzed to show time histories of the noise in
each octave band from which the range between the highest and lowest sound pressure
levels was obtained. These results are shown in Table 14A and as the shaded area
in Figures 73A to 76A. The table and graphs also show the part (Table IH B) of
MIL -A-8806 that is applicable for short &nration conditions, as well as the HEL
Standard.
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Measurements During Partial-Power Descents

Partial-power descents were flown at true air speeds of 60 knots and 100 knots,
both with rotor speeds of 230 rpm. Measurements were made at rates of descent of
500 feet per minute, 1000 feet per minute, and 1500 feet per minute. At 60 knots,
measurements were made only at Stption 95; at 100 knots, measurements were made
at both Station 9' and Station 320. Power levels during tests at 60 knots were (1) for
500 feet per minute descent, 760 pounds torque; (2) for 10(0 feet per minute descent,
590 pounds torque; and (3) for 1500 feet per minute descent, 120 pounds torque.
Power levels during tests at 100 knots were (1) for 500 feet per minute descent,
750 pounds torque; (2) for 1000 feet per minute descent, 540 pounds torque; and
(3) for 1500 feet per minute descent, 32C pounds torque.

These data were analyzed to show the time history of the noise in each octave
band. From these anaiyses the range from the highest to the lowest sound pressure
level was obtained for each octave band. These results are shown in Tables ISA
and 16A and as the shaded area of Figures 77A to 85A. The tables and graphs also
show the part (Table HI B) of MIL-A-8806A that is applicable for short duration con-
"ditions, as well as the HEL Standard.

DISCUSSION

Measurements at Normal Cruise -Power Air Speed

The noise measured at this air speed can be said, in general, to mreet the
requirements of the exception to MI! -A-8806A. There are a few octave bands where
the noise exceeds the specified level by two to four dB, but these instances should
not be viewed as serious violations. There is a serious violation of the HEL Standard
S S-1-63B In the 2000-Hertz (Hz) octave band measured at Station 95, where the noise
exceeds the standard by 11 dB. (The noise also exceeds the MIL Specification by
three oB at this frequency. It should be noted that the exception to MIL-A-8806A
is considerably more lenient than the HE L Standard in this middle frequency range,
but it is only shown for reference. The Military Specification governs aircraft
testing.) With this oae exception, the noise at this air speed also meets the require -
ments of HEL S-1-63B, or is no more than three dB above the specified levels, at
all other positions and octave bands.
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Measurements at Maximum Continuous Power

For maximum centinuous -power conditions MIL A-8806A specified one maximum
noise level for those conditions where helmets are worn and another maximum noise
level for conditions where helmets are not worn. Since it is conceivable that either
condition could occur in 1C a CH-47B, especially in the cargo area, both of the speci-
fied noise levels are included in Table 2A and Figures 4A to 7A.

From Figure 4A it can be seen that the cockpit noise is 14 dB above the speci-

fied levels of MIL-A-8806A only in the first octave band, and at other frequencies
falls within the limits specified when helmets are used. When helmets are not used
(an unlikely situation in the cockpit) the noise exceeds the specified levels in the
2000-Hz and 4000-Hz octave bands by four dB and seven dB. The cockpit noise is
above the HEL Standard in all octave bands from 500 Hz to 4000 Hz.

In the cargo area the noise generally meets both the specified levels of the
Military Specification and the HEL Standard with one exception which can be seen in
Figure 6A. The noise in the 1000-Hz octave band at Station 480 exceeds the HEL
Standard by seven dB.

A marked change in the noise at Station 480 occurs when the panels jft of
Station 486 are removed, as can be seen in Figure 7A. The high-frequency noise
does not meet the provisions of either the HEL Standard or the Military Specification.

For short-duration conditions, MIL-,A -8806A specifies yet another set of max-
imum noise levels. These are shown with the measurements at 1720 pounds torque
in Table 3A and Figures 8A to lOA. The noise level in general lies above the HEL
Standard but below the Military Specification, and thus is acceptable.

Measurements in Level Flight at Various Air Speeds

The CH-47B meets the requirements of MIL-A-8806A in all three measuring
positions at all air speeds tested from 30 knots to 140 knots, except when the panels
aft of Station 486 are removed. When the panels are removed, the noise is excessive,
with respect to MIL-A-8806A, in all octave bands above 2000 Hz for all the air
speeds tested.

When compared with the HEL Standard, the noise is generally acceptable for
all air speeds at the positions in the cargo area when the panels aft of Station 486 are
in place. When the panels are removed; the noise is above HEL S-I-63B at all air
speeds in all the octave bands above 250 Hz. In the cockpit, the noise falls aoove
the levels of the HEL Standard in the 1000-Hz, 2000-Hz, and 4000-Hz octave bands
for all air speeds. It is irteresting to note the effect that rotor speed has on the
shape of the noise spectrum. For all air speeds measured at tation 95, the noise
spectrum tends to be flatter in the three octave bands mentioned aLove (1000 Hz,
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2000 Hz and 4000 Hz) at 225 rpm rotor speed than it is at 230 rpm. At 230 rpm,
evidence of a peak at 2000 Hz appears in all instances. If the noise in this octave
band were reduced sufficiently, the noise in the octave bands on either side of it
would probably also decrease and the noise spectrum could be lowered to the levels
of HEL S-1-63B. This same peaking at 2000 Hz at 230 rpm is also evident to a

(lesser extent in measurements made at Station 480, near the rear rotor, indicating
the front and rear rotors as possible sources of the noise in that octave band.

At the two highest air speeds, the 1000-Hz octave band at Station 480, shows a
peak which raises the noise spectrum to a level exceeding the HEL Standard by four
dB or more in the 1000-Hz and 2000-Hz octave bands. Thcse and the o:casional
points where the noise exceeds the levels set by the HEL Standard by less than three

F dB may be viewed as insignificant, since the requirements of MIL-A-88:)6A are met.

Measurements During Hover Conditions

The results of interior measurements while hovering are very similar to those
made in level flight. The noise is generally acceptable in the cargo-section positions
as long as the panels aft of Station 486 are in place. When the panels are removed
the noise exceeds the provisions of MIL-A-8806A in all octave bands 1000 Hz and
above, and it exceeds the provisions of HEL S-I-63B in all octave bands 230 Hz and
above.

V

At Station 95 and Station 480 the 2000-Hz octave band shows a peak which brings
that part of the noise spectrum above the provisions of HEL S-1 -63B, although it is
still -within the requirements of MIL-A-8806A.

Measurements made outside the helicopter while it was hovering neazby indi-
cate that the noise spectrum at the positions tested exceeds the HEL Standard by as

Smuch as nine dB except at the position 20 meters in front of the aircraft. There the
noise just meets the provisions of HEL S-1-63B. Prolonged exposure at the other

t three positions should be avoided.

Measurements During Level Accelerations and Decelerations

The CH-47B meets the requirements of HEL S-1-63B and MIL-A-8806A in the
cargo area (Station 320) during level accelerations and decelerations at both rotor
speeds tested. In the cockpit (Station 95), the range of noise is extremely loud in
the first two octave bands, exceeding both the HEL Standard and the Military Specifi-
cation. At 225 rpm rotor speea, the noise also exceeds MIL-A-8806A at 4000 Hz
during both accelerations and decelerations, while at 230 rpm, the noise exceeds
MIL-A-8806A in the 2000-Hz octave band, but only during deceleration. These peaks
in the spectrum follow the tendency noted before for the higher rotor speed to give a
peak at 2000 Hz, while the lower rotor speed gives a flatter spectrum or a peak at
4000 Hz.

7



Measurements DIring Partial Power Descents

At 60 knots true air speed, the CH-47B meets the requirements of MIL-A-8806A
at all rates of descent, measured at Station 95. No measurements were made at
Station 320 for this condition, but it can be assumed on the basis of other measurements

in the aircraft that the noise at Station 320 is no louder than, and probably quieter
than, that at Station 95, meaning that it, too, meets the provisions of MIL-A-8806A.

Measurements were made only at a rotor speed of 230 rpm and the peak in the
2000-Hz octave band is evident again in this test. The peak brings the noise above
the HEL Standard at this frequency.

At 100 knots true air speed, the noise peak in the 2000-Hz octave band becomes
considerably louder, and the noise in the octave bands flanking it (1000 Hz and 4000 Hz)
also increases appreciably. The net effect is that the noise in the 2000-Hz and 4000-Hz
octave bands either exceeds or just barely meets the criteria of MIL-A-8806A for those
frequencies, again in both measuring positions and at all three rates of descent.

SUMMARY

The results of this test indicate that the CH-47B helicopter does not meet all
the provisions of MIL-A-8806A. The excess noise is not, however, so loud that it
cannot be readily reduced to meet MIL-A-8806A. Principal noise -reduction effort
should be aimed at reducing the noise in the 2000-Hz and 4000-Hz octave bands,
especially in the short-term and high-power flight conditions. Under normal cruise
conditions, the noise is acceptable to MIL-A-8806A.

Operation with the panels aft of Station 486 removed should be avoided. The
noise at Station 480 is increased to a level that is considerably above the levels of
MIL-A-8806A under all flight conditions.

It is the official position of the U. S. Army Human Engineering Laboratories
that operating, training, or maintenance tasks q'hall not expose personnel to noise
that exceeds the levels specified in HEL Standard S-1-63B in any equipment designed,
developed or procured by the U. S. Army Materiel Command, with the exception of
interior noise of aircraft, which is covered by MIL-A-8806A. The levels of HEL
Standard S-1-63B have been included for comparison only, to aid in the study of where
noise reduction effort should be concentrated. Since almost every test condition
produced levels exceeding the HEL Standard at Station 95, usually in some or all of
the octave bands between 500 Hz and 4000 Hz, noise reduction should be concentrated
in those frequencies, with an eye toward reducing the overall Ievel in the cockpit as
well.
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7The HEL Standard does apply to exterior noise of the CH-47B. Exterior noise
does exceed the HEL Standard on three sides of the aircraft and measures should be
taken to assure that personnel are not exposed to these noise levels.
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Fv

I I
--- Measured Data

....----- HL s-I-63B
S120 - --....-.- !.IL-A-8806A

--- Exception to
o- N IL-A-8806A

100
. -o . -

U I II

S9., 63 125 250 5iO0 1000 200O0 4000 $00 16000

.3 .... ., , i , , _

-0 -:00 -- 5 -- C 2 5 10000 2

Freqercy in Hz

Fig. 1A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT NO)RMAL CRUISE AIR SPEED

(Rotor speed is 225 rpm. Measuring position is at Station 95. )

M-eas-ed -Data

, .... •LS-!-63B
120 1,. ..... ItL-A- 8806A0 ••ptin 1 -t---E o-

110 MIL-A-8806A

90

1 63 125 250 500 O= 2000 4000 6000 16e0

2 :00 2 io 2 10000

FreqWncy In HZ

Fig. 2A. NOISE OF THE CH-473 HELICOPTER IN LEVEL FLIGHT
AT NORMAL CRUISE AIR SPEED

(Rotor speed is 225 rpm. Measuring position is at Station 320.)
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-Measured Data
....HEL s-1-63B

-1201 .- ML-A-8806A
-.- Exception to

MIL-A-88c6A

-Is

- 90 --. -, ,I ___ ___ I __ I __ I___'_ . . .
80-

S31.5 63 125 250 500o 100 2000 4000 3000 16000
I a j ,,., ,1 .1 , . I a a .1 n

2 5 too 2 t 1000 2 5 10000 2

Frequency in HZ

Fig. 3A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT NORMAL CRUISE AIR SPEED

(Rotor speed is 225 rpm. Measuring position is at Station 480.)

- Measured Data
• • .... KEL S-i-63B

- -0 ........... IL-A-8 A when
Helmets are used

6 -l M-L-A-8806A when
10" -. Helmets not used

90

80

35 63 125 250 300 1o0 M0 4000 90 16000

2 5 100 2 5 1000 2 5 10000 2

Frmquency in Hz

Fig. 4A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT

AT MAXIMUM CONTINUOU. POWER (1520 lbs. torque)
(Rotor speed is 230 rpm. Measuring position is at Station 95.)
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-Mleasured Data
. EL S-1-63B

.......... MIL-A-8806A when

8 Helmets are used
0 %b _ _--- MIL-A-8806A when

110_ •--Helmets not used-

100!' ..............

i _ _II _ii__

31$ 63 125 250 sCO I00 2000 4000 £000 1K000

O 100 2 5 1000 o 20000

Frouency in Hz

Fig. 5A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT MAXIMUM CONTINUOUS POWER (1520 lbs. torque)

(Rotor speed is 230 rpm. Measuring position is at Station 320.)

SI I I

-14easured Dtkt&

1. -- .--HEL S-1-63B
....................... MIL-A-8806A when

"-8"Helmets are used

il- _ MIL-A-8806A when
* ~.0 - - -- - Helmets not used

-. *. . .

1c

0

II

S3L5 63 125 250 So0 1000 2000 4000 "M0 s6doo

5 100 2 5 I000 2 5 10000 2

FrequMcy in HZ

Fig. 6A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT MAXIMUM CONTINUOUS POWER (1520 lbs. torque)

(Rotor speed is 230 rpm. Measuring position is at Station 480.)
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-- - I

Measure D ata
---IlL s-!-63B

120 - ....... IL-A-oSC6A when
8 Helmets are used

S-- !tMIL-A-68G6A when
1 0 e""e _ _-- :elm e ,s not used

i0

90 -TN

II _ _ _ !1I

J 3•'5 63 125 250 So0 1000 2000 4000 8000
• , • , . I, .i * • I . ." I , I , .. i -, '

2 100 a 5 1000 22 10000

Frequency in HZ

Fig. 7A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT MAXIMUM CONTINUOUS POWER (1520 lbs. torque)

(Rotor speed is 230 rpm. Measuring position is at Station 480.
All panels aft of Station 486 removed.)

,Data

120 •'•.•a 1 . . .. hLs-1-6ý,B -
S•:---..I ... IL-A-8Wb

0

110

-ji
90

"-II

80

3t. 63 125 250 500 to( 0 2000 4000 S000 16000

3 ;0 z5 1000 2 5 10000 2

Frequency in Hz

Fig. 8A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT (1720 lbs. torque)
(Rotor speed is 230 rpm. Measuring position is at Station 95.)
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A Measured Data

""120 TEL S-1-63B8 MIL-A-8806A

§ I
L100

wi0x,-__ ___ _---

a 63 125 250 S0 IOO0 2000 4000 o000 16000
1 63 IZ ... I

2 .2 5 .00 5 2

Frequency in HZ

Fig. 9A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT (1720 lbs. torque)
(Rotor speed is 230 rpm. Measuring position is at Station 320.)

-l.easured Data
120__- HEL S-1-63B

--- miL-A-8806A

90

*, 1J.o - ... -,,..

mI I

-I•
890

S3L5 63 125 2O 500 IOC-O 2000 4000 sow0 16000

2 00 2 1000 2 IQO0O 2

Freuency in Hz

Fig. 10A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT (1720 lbs. torque)
(Rotor speed is 230 rpm. Measuring position is at Station 480.)
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S- ,-Measured Data
120 - L-- ------ HEL S-1-63B

S__--- MIL-A-8806A

iilo

•" 90 -..

80
SJ

6k

SI

30 63 125 250 500 I0O0 2000 4000 "W 16000

, a I i , . I , v*1 1 I I 2 1 1

2 5 100 2 5 IO00 2 5 10000 2

FrWAuMcy in HZ

Fig. 11A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 30 KNOTS TRUE AIR SPEED

(Rotor speed is 225 rpm. Measuring position is at Station 95.)

- Measured Data

S.-- --- HEL s-1-63B
120- - MIL-A-88C6A

v100__

e90

"80

315 63 1250 So WO 200 40Z= o

50000 00 O10000

Frequncy in HZ

Fig. 12A. NOISE OF THE CH-47B HELICOPTER N- LEVEL FL'rIT
AT 30 KNOTS TRUE AIR SPEED

(Rotor speed is 225 rpm. Measuring position is at Station 320.)
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gI ~Measured Data
U120 - --- -. - aEL S-i-63B

"- - - MIL-A-8806A

10

h90

8100

3 125 25 So I 20ý 400 90010
go.! , ,, ,, a . k., . i a, -r,,I I m a ,. . '--I ---- s

5 1 00 2 5 1000 5 1000G0 2

Frequency in NZ

I Fig. 13A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT

AT 30 KNO`TS TRUE AIR SPEED
(Rotor speed is 225 rpm. Measuring position is at Station 480.)

12 HoLELL _ ; . . L S-1-63B -

290-

30

31.5 63 125 250 500 2000 2000 4000 0000 16000

2 ,_ " ,,* 55 • '. • I . I , I , ,.- , ... .

2 o0 2 5 0O00 2 $ 10000 2

Frequency in Hz

Fig. 14A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 30 KNOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at Station 95.)
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1] - , Measured Data
1 -. - HEL s-1-63B

S- - - 14IL-A-8806A

I o

S31,5 63 125 250 500 loco 2000 4000 I9000 1eO000

2 3 00 2 5 1000 2 5 1O0000

Frequency in N2

Fig. 15A. NOISE OF THE CH-47B HELICOPTER IN' LEVEL FLIGHT
AT 30 KNOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at Station 320. )

c120C - - -63 -

8.

0

1100

8. 0

31.5 63 125 250 goo000IC 2000 4000 4000 No0w

a , I. . . !

•-2 *60Z5

2 100 2 100200oo

Freqency in Hz

Fig. 16A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 30 KNOTS TRUE AIR SPEED(Rotor speed is 230 rpm. Measuring position is at Station 480.)
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S- .eas ured ]•ata
.120 ---- EL S-1-63B

1Q 0 -% I.:IL-i-8806A

"I goI i

80

Wl 6o 12 25 ,0 oo 200 40 01 OAT 90 -K TRUE AMSP

8I _____ ____ __

I0

no

V 10

S31,5 63 125 250 0oo 0CCO 20o0 4000 6000 16000

2 100 5 1000 2 2000

Frequency in HN

Fig. 17A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 40 KNOTS TRUE AIR SPEED

(Rotor speed is 225 rpm. Measuring position is at Station 932.)

S- Measured Datacu 120- - ------ EL S-I-63B
. 1-0 - MIL-A-8806A

o •

0

I._ _ ____ ___ ____l I
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SI. ii
I - Measured Dwta

-120-....L s-1-63B• •--- -MIL-A-8806A

aIN

100

90

80- S•i tI I I I I I 1
S316 63 I?5 250 Soo I0(CO 2000 4000 000 16000

2 5 too 2 5 000 2 5 10000 z

Frequency in HZ

Fig. 19A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 40 KNOTS TRUE AIR SPEED

(Rotor speed is 225 rpm. Measuring position is at Station 480.)

SIII I I!I-Measured Data
20 •: ;EL S-1-063B

"8 M-- -. .3T T t.L T ýJ.,,.

o

10 -

S100

s:. 63 125 250 so0 I000 2000 4000 8000 16000

2 00 zo o 2 10000

"Frequency in HZ

Fig. 20A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 40 KNOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at Station 95.)
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Measured Data

120--HEL S-1-63B
10 -- ----- MIL-A-8806A

110

100

II

80-

63h 125 250 5O0 :000 2000 4000 6000 160000' , * . i, •~ . I , ,,! .5.
2 5 100 2 1000 2 10000 2

Frequency in Hz

Fig. 21A. NOISE OF THE CII-47B HELICOPTER IN LEVEL FLIGHT
AT 40 KNOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at Station 320.)

I-. .. I I
R ,1Measured Data

120 ------ HEL S-1-63B

Ii I iiII

2,

* IN

31Z. 63 12Z5 250 Soo0 X"000 O0 4000 6000 sow0

- -LI ! -I-
5 1 00 2 OO 5 10 cI0ý000

Frequency in HZ

Fig. 22A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 40 KNOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at Station 480.)
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I .. I
.Measured Daita

120 . .HEL S-a-63B

--- --AIL-A-88GO6A

-03

1 90 ' .. . -- "

80

31.5 6: 925 250 5(10 loco 2000 4000 OO o6000
0r 2 a , *,,i . 11.1 , , ,I , . .

2 5oo 5 o000 2 5 10000 Z

Freaue.cy in HZ

Fig. 23A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 40 KNOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at Station 480.)
(All panels aft of Station 486 removed.)

S i .-.... Measured Data
120 ..--- HL S-1-A63B

•"9 - -' -\

80

9 313 63 125 250 500 loco 2000 4000 000O0 100

1;0 t000 11000

SFrequncy in Hz

S~Fig. 24A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
" ~AT 60 KNOTS TRUE AIR SPEED

V. (Rotor speed is 225 rpni. Measuring position is at Station 9)5. )

~41

S. . .. - • = m , m m m =• . mm m~, ,m m . m m m L



-Measured Data
.... __HEL S-1-63B

cy 12 0 -- 1 . - M IL -A - 8806A

0 1• -1120

,o I• ,o

100

2 0

SFrequency in HZ

Fig. 25A. NOISE OF THE CH-47B HELICOPTLER IN4 LEVEL FLIGHT
AT 60 KNOTS TRUE AIR SPEED

(Rotor speed is 225 rpm. Measuring position is at Station 320.)

I ' Measured Data! ! ---- - --HEL S-I-63B
S].20 - • . • •' - -- - .L•- 6

S D-.

2 3 100 100 1000 2-"-

*

SFrequency in HZ

---- F*. 26A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
S~AT 60 Kl-,•TS TRUE A.IR SPEED

._mq •(Rotor speed is 225 rpm. Measuring position is at -Stat:ion 480. )

42
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A Measured Data
.1020.._ - -EL S-1-63B

S --- MIL-A-8806A

1 100 _ _ "_I _I _ _

90- 1
31.5 63 25 230 5O0 S 000 2000 4000 8000 16000

F IO I )0 z 00
2 5 o 20 5 100 2 5 0X) 2

Frequency in HZ

Fig. 27A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 60 KNOTS TRUE AIR SPEED

(Rotor speea Ls 230 rpm. XMeas-,ring position is at Station 95.)

• I Measured Ia

120 _----iEL S-1-63B
-1- -1MIL-A-88C6A

C

f100()

S

31.5 63 125 250 5(,O lOCO 2000 4000 D000 l000

2 10 2O 5 1 000 2 5 10000 2

Frequency in NZ

Fig. 28A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 60 1240TS TRUE AIR SPEED

(Ro:or speed is 230 rpm. Measuring position is at Station 320.)
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I!
M Measured Data

10-- --- E L S-i-63B
8 - .- - .---- IL-A-8806A

0

V 200 00

31. 6 O0 12 25 o 1M W 000 $ I000 1610

Frequency in H4z

Fig. 29A. NOISE OF THE CH-47B HELICOPTER R4 LEVEL FLIGHT
AT 60 KNOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at Station 480.)

I I ...
3L M~easured D~a-,

- --- HEL S-i-63B
-]-0-MIL-A-8806A

90

80

S,5 63 125 Z.50 500 lOC-0 2000 4000 so00 14000

I 00 2 5 1000 2 5 10000 ;

Frequncy in HZ

Fig. 30A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 60 KNOTS; TRUE AIR SPEED

(Rotor speed is 230 rprr Measuring position ia at Station 480. )
(All panels aft of Station 486 removed. )
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L

AL --- Meaý-Lred Data
------ EL S-1-63B

12 0 MI T- A- _88 06A

10

9 10 --- 3 6 2

S315 63 10 250 0 OCO 205 400 0 5 14000
ar a a - ' , I !

-- quency in HZ

Fig. 31A. NOISE OF THE CH-.. ,B HELICOPTER IN LEVE7, FLIGHT
AT 80 KNOTS TRUE AIR SPEED

(Rotor speed is 225 rpm. Measuring position is at Station 95.)

- V•easured Data

cm 120- --- HEL S-1-63Bo - -~----M.IL-A-88c6Ao -%0
0

90-

• 0C'- - ..

I _ __ __I _

S5:.5 CS I 25 2S50 500 I000 2000 4000 0000 16000

2 5 too 3 2000 z s 10000 2

Frequency in NX z
Fig. 32A. NiSE OF THE CH-47B HELICOPTER IN LEVEL FLIGHTSAT 80 KNOTS TRUE AIR SPEED

(Rotor speed is 225 rpm. Measuring position is at Station 320.)
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I

S-----Measu-ed Data

120- ----- HEL S-1-63B
-.--- 'MIL-A-8806A

1 00 - - - P0 k. _ __N90

U58 63 125t 250 500 1000 2000 4000 80000 1l00

IP •' 1 , .n i 1 . i , 4 I I . i_ I I

5 0 toI 000 2I 0000

Frevqoncy in Hz

Fig. 33A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 80 KNOTS TRUE AIR SPEED

(Rotor speed is 225 rpm. Measuring position is at Station 480.)

A - 1Measured Data

12ej.. HEL S-I-63B -

0

S1_00"-

UA

90

S3,a 63 125 250 500 So ;3 2000 4000 aoO 16000

2 2 5 i00o 2 s 0000 0

Frequency in HZ

Fig. 34A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 80 KNOTS T. E AIR SPEED

(Rotor speed is 230 rpm. Meastring position is at Station 95.)
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II

I

Measured Dta
120 - -- ---- HEL 3-1-63B

-- -MI-A-58C6A

"0

i9 31n5 63 125 250 5Lc0 tOcO ZOO0 4000 90400 16000
.n 4, , , , , 1 . I, I. I, I IH t . , .I1 .;, a

2 5 0 to 2 tO100 2 5 10000 2

Froqencv in HZ

Fig. 35A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 80 KNqOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at Station 320. )

A - Measured Data

8 . "MIL'A-686A

0

90

31.a 63 I2 250 SO 00 K0M0 2000 4000 8000 16000

too 2 5 -1o6 2 10000t

Frequency in Hz
Fig. 36A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT

AT 80 KNOTS TRUE AIR. SPEED

"(Rotor speed is 230 rpm. Measuring position is at Station 480.)
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-M Measured Data
120I_ ---- HEL S-.-63B

- .. --- -MIL-A-d886A110
90

10-

. , • a , , , , , . 1 • 1i , I- I , , , , ;. i • 1 , , , . " 2 ,TI
5 1 00 2 5 low0 2 5 10000 2

Freauency in HZ

Fig. 37A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 80 KNOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at Station 480.)

(All panels aft. of Station 486 removed. )

• L Measured Data
S120 -- _ -- -- -- -EL S-I-63B

• • " MIL-A-8806A

0

-j

e90-

80

I

U56 63 125 250 500 000 2000 4000 00 16000

--- a -• I .| I I I . 1 i . I . 1 1 . • . . . i-, I
S 100 2 5 o000 2 5 2000

Fro wncy in HZ
Fig. 38A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT

AT 100 KNOTS TRIUE AIR SPEED
(Rotor speed is 225 rpm. Measuring position is at Station 95.)
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- Measured Data

1 0 IL - HEL S-1-63B
8I -- I L- A -3C6A

I

a 63 I Z5 250 500 1000 20-CC 4000 6000 16000
E, I 1 * a10 t 0 2 ; 1000 2 5 tO0 0

Frequency in Hz

Fig. 39A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 100 KNOTS TRUE AIR SPEED

(Rotor speed is 225 rpm. Measuring position is at Station 320.)

-Measu--ed Data

-20 
..- --- L s-!-63B

90

il i

80

3i.5 63 125 250 500 loCo 2000 4000 6000 16000

2OO 0 too O000

Freweucv in Hz

Fig. 40A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT

AT 100 KNOTS TRUE AIR SPEED
(Rotor speed is 225 rpm. Measuring position is at Station 480.)
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- Measured Data
120 111EL S---63Bo8 m • -.. -•------MIL-A-8806A

110"

100

31a 63 125 50 S o00 KO" 2000 4= 6000 160008-A

to 2 1000 z s 00 zs I0ý0O

Fr"nx~cy in Hz

Fig. 41A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 100 KNOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at Station 95.)

1 I I
AL - Measured Data

o ___ b..,-------1-

*3o 0

le

T o I I I ! I I
I 31.5 E 1 25 250 500 lo0o 2000 4000 8000 16000am I ! , 0 , . 1 w I . L ..r_ 1 , . t I j

25 100 2 5 I000 2 5 O10000

Frequncy in Hz

Fig. 42A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 100 KNOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at Station 320.)
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•N•Measured Data
120 ....._-EL S-1-63B

8 -- MIL-A-88o6A

"n• o- -I-
10090_____t.n

31a 63 125 250 500 1000 2000 4000 0000 16000

2 ý ý0 2 5 100

__ ,-, ~Frequenicy in HZ •. -

Fig. 43A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIG;HT
AT 100 KNOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at Station 480.)

• I I Measured Date

-2 ---- HEL S-1-63B

80

2 -; 0
6I

2 100 oo100 1000

Frequncy in Lw

Fig. 44A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 100 KNNGTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at Station 480.)
(All panels aft of Station 486 removed.)



-~Measured Dt

1J20 - - - - - - ---- HEL S-1-63B
.--- MIL-A-8806A

*1-10I. \_,• 1 I

-req icy in H

100

290

I125 250 5U0 1Q00 2000 4000 0000 16000

2 5 100 2''~ 5 100 2 *

Frequecy in Hz

Fig. 45A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 120 KNOTS TRUE AIR SPEED

(Rotor speed is 225 rpm. Measuring position is at Station 95.)

_A ~M.astiý-ed Data
N" .. .. - ---- HEL S-1-63B
8 - --- MIL-A-8806A
0 _ _ -

110 -

' '"___ '_. .._

j 5 63 125 250 500 ow 2000 4000 6000 '6000

2 30 t0 2 00 200

Freqaency in HZ

Fig. 46A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 120 KNOTS TRUE AIR SPEED

(Rotor speed is 225 rpm. Measuring position is at Station 320.)
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-M Measured Data
--120 ----- HEL S-1-63B

0 •--- MIL-A-8306A
,11o0x. .

0 - 5100

890* I! II iII

31,5 63 125 250 500 loco 2000 4000 00 26000

'.1. 2 I II I

2 5 00 2 5 I000 2 2 50000

Frequency in HZ

Fig. 47A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 120 KNOTS TRUE AIR SPEED

(Rotor speed is 225 rpm. Measuring position is at Station 480.)

"I "nW4easured Data
1-90 ---- HEL S-1-63B

0

S100
J 90 --..- _ _ _ _ _ _ _

E go

80 - __ ___ __ _ _

31 63 '25 Zl50 0 I0 2000 4000 6000 16C.O0

100 1000 10000

Frequency in Hz
"Fig. 48A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT

AT 120 KNOTS TRUE AIR SPEED
(Rotor speed is 230 rpm. Measuring position is at Station 95.)
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S---Measured 
Data312C - -b- -. . -HEL S-1-63B

-- ---- MIL-A-8806A

2 -oc - - --

1 vNI:

oo 2 50 1000 2 5 10000 2

jF umq eIcy in NZ

Fig. 49A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 120 KNOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at Station 320.)

O2 - - - -- i- - ----- HML S-1-63B
-. K - -- !-I11LA-8806A

*11

* I _

S• 63 125 250 Soo amo 2000 4000 0000 =0oo
_•i I I I .

IIs * s. .. * I I**000 2- s KO0)

Frqia&ecy i Hz

FJg. 50A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 120 KNOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at Station 480.)
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J[I "

'- -Measured Data
120 -- HEL s-1-63B

M.---• .A-8806

nuo

V 100
- I

801I J 250 7 IOOi 27 I
XB 6 3 125 250t 500 1000 20 4000 am I00

5 go.. I r I .. 9 • 1 w * 11i2 9
5 s 00 2 5 1000 2 3 1O0000 z

Frequeny in ift

Fig. 5Lk. NOISE OF T`rE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 120 KNOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at Station 480.)
(All panels aft of Station 486 removed.)

• -Measu ed Data

S120 - -..- t s-1-63B

10

a 2 250 Soo 1000 -1 -el -* -m

ow 1
2 *0 2 5 1000 10 I000 2

,.,.•w L. NZx

Fig. 52A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 140 KN0OS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position Is at Station 95.)
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I ~I Measured Data
120 - ~----HEL s-1-63B

8 - - - MIL-A-88o6A

90 - --

80-

Soo Km inoo0000~~

Fig. 53A. NOISE OF THE CH-47B HELICOPT`ER IN LEVEL FLIGHT
AT 140 )MOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at Station 95.)

- Masured Data

~ J20 -- - --- HEL S-1-63B

B -. -- -MII-A-8806A

90

1 80 - - - - -

2 5 10 1000 2 oo000o

Fts~ascy in Nz

Fig. 54A. NOISE OF IME CH-47B HELICOPTR IN LEVEL FLIGHT
AT 140 KNOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position -is at Station 320.)
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- - - - -II I
- Measured Data

12. - ow- ---- HEL S-1-63B

" II
8 ----- MI-A-S

90

I ow = a m 4 M 6_ o w

L|

100 • 000 z '0000 2

Freqenc in l

Fig. 55A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 140 KNOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring positon is at Station 480.)

-M Measured Data

-- ----- HEL s-I-63B
-_ .L-A-8806A

120.11o -.• ;, ,, ,

100-

S90

80I

8 ~ 63 Z" 25100 M am~O2 4000 so0 We .. I s s I , .1|. ,

S5 1000 2 5 10000 2

vqW~C in lb

Fig. 56A. NOISE OF THE CH-47B HELICOPTER IN LEVEL FLIGHT
AT 140 KNOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at Station 480.)
(All panels aft of Station 486 removed.)

57



I - --• I .I I I

0 -- Measured Data
- •- ----- -- KEL s-1-63B

N_.IL-A- 88o6A

.0 -

2Sol.%

*100

g-a

o125 no 0O 2000 4I00 soa•I . . . , . . .1. .4 0 ; I ;. . •-

10 2 000 10000

rrFqmas in Hz

Fig. 57A. NOISE OF THE CH-47B HELICOPTER WHILE HOVERING
OUT OF GROUND EFFECT

(Rotor speed is 225 rpm. Measuring position is at Station 95.)

-Measured Data
1 20 o - - - - - - ---- HEL s-1-63B

8 I -- ,---- ----- A-6880A
0

]I ll_

c o I1000000

froommy b, Hz

Fig. 58A. NOISE OF THE CH-47B HELICOPTER WHILE HOVERING
OUT OF GROUND EFFECT

(Rotor speed is 225 rpm. Measuring position is at Station 320.)
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I....-Measured Data
-2- HEL s-i-63B

" ,.MU1-A-8806A
bN

-100 ... ,.-- i •.N.lc -'-
290

'80

534 63 125 250 500 1000 0oo0 4000 m6000
.% I ,-' 9 go 1. 1 1 1 . 9 1 I 1i 1 . I a 5

" 5 00 s I 1000 2 ' 10000 2

Flraecy in Hz

Fig. 59A. NOISE OF THE CH-47B HELICOPTER WHILE HOVERING
OUT OF GROUND EFFECT

(Rotor speed is 225 rpm. Measuring position is at Station 480.)

-- Omm-Measured Data
•o120- ----... HEL S-I-63B

S----MI A-8506A

SS , -

• I, I i_

0 _

Frmequnc b Hz

Fig. 60A. NOISE OF THE CH-47B HELICOPTER WHILE iHOVERING[
OUT OF GROUND EFFECT

(Rotor speed is 225 rpm. Measurng po~Jtlon L• • Station 480. )
(All lpanels aft of Station 486 removed. )
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Measured Data
-0-•-. HEL s-1-63B120 ,• , -- ---- MIL-A -88

80

2 .

! ,
• 2_20 50 1000 2000 4000 600 t600

**I I * I .1. .1..

9 100 m 1000 2 1 I0000 1

Fwprucy in Hz

Fig. 61A. NOISE OF THE CH-47B HELICOTER WHILE HOVERING
OUT OF GROUND EFFECT

(Rotor speed is 230 rpm. Measuring position is ai: Station 95.)

' Measured Data
120 ----- HEL S-1-63B

8 - -miL-A-880-6A

J - "- -. - " -

80J SL 63 125 0 50 W OO200 4000 6O000 60
SI ow

• I . * 2/ I 2

100 000 10000
Frgmam• h Hz

Fig. 62A. NOISE OF THE CH-47B HEIrCOPTER WHILE HOVERING
OUT OF GROUND EFFECT

(Rotor speed is 230 rpm. Meaf~raig poskton is at Station 320.)
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-i- - Measured Data

- - -. . . E L s ,- 1 -6 3 B
,- mI-A-88o6A

90

-800

33 1. 63 125 250 5o 000 200 ~0 4000 "M0 36000

2 i H
0\

100 25 io 000 2 5 000 o 2

Frequency in Hz

Fig. 63A. NOISE OF THE CH-47B HELICOPTER WHILE HOVERING
OUT OF GROUND EFFECT

(Rotor speed is 230 rpm. Measuring position is at Station 480.)

A - Measured Data

I0 - - - -.EL S-1-63B
---8 MI A-8806A

I ° !.! ', I I ,'8 0 I * .I. . *

'000• 
•O z 

00loo 
Nooo

Fig. A. NOISE OF TAE CH-47B HELICOPTER WHILE HOVERING

Fgo

(Rotor speed is 230 rpm. Measuri5g position is at Station 480.)
(All panels aft of Station 486 removed.)
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~Measured Data
12.0 --.-- EL S-1-63B

d s

J318 63 125 250 500 loco 2M0 4000 3000 1000

a .. I', .,.I I ~.I.,

it 3 o w0 2 5 o 10000 2

Ftsqeomwy in HZ

Fig. 65A. NOISE OUTSIDE THE CH-47B HELICOPTER WHILE HOVERING
(IN GROUND EFFECT) AT 10 FEET ALTrIUDE
(Rotor speed Is 230 rpm. Measuring position is

20 meters in front of the aircraft; 00 with the axis.)

in Measured Da!ta
2C "'----HEL s-1-63B

125 I000 40000 20

Freimo in Hz

Fig. 66A. NOISE OUTSIDE THE CH-47B HELICOPTER WHILE HOVERING
(IN GROUND EFFECT) AT 10 FEET ALTITUDE
(Rotor speed is 230 rpm. Measu"_ position is

20 meters starboard of the aircraft; 90 with the axis.)
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L ~Measured Data-

.... i

I o I I I i A3

120 ---- HEL s-1-63B

d

9 0

6-, N , , ,
80

Maa 63 125 250 50 OrCo 4000 a NO O WO

100 2 1000 2 5 10000

Frequency in Hz

Fig. 67A. NOISE OUTSIDE THE CH -47B HELICOPTER WHILE HOVERING
(IN GROUND EFFECT) AT 10 FEET ALTITUDE
(Rotor speed is 230 rpm. Measuring position is

20 meters behind the aircraft; 180° with the axis.)

Measured Dlta
120- -- HEL s-1-63B

I• 110" .,!

_ _ - - 4

S 31.8 63 12 2S 50 goo ow0 2000 4CO0 9000 NNW0

1 i o I a Ii o
2 . g I 1 0 - . i I i

Freuey k•I Hz

Fig. 68A. NOISE OUTSIDE THE CH-47B HELICOPTER WHILE HOVERING
(IN GROUND EFFECT) AT 10 FEET ALTrIUDE
(Rotor speed is 230 rpm. Measuring position is

20 meters port of the aircraft; 270 with the axis.)
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I
I

(Yo)Measured

---- HEL S-1-63B

90

Iu .I 25 250 50 1000 0 4000 WO, I

2 5 100 2 5 1000 2 s I0000 2

FVrqsacy In HZ

Fig. 69A. RANGE OF NOISE IN THE CH-47B HELICOPTER DURING
A LEVEL ACCELERATION FROM 40 KNOTS TRUE

AIR SPEED TO 140 KNOTS TRUE AIR SPEED
(Rotor speed is 225 rpm. Measuring position is at Station 95.)

..... in) Measured
12C n ) Data

- -~- - ---- HEL s-1-63B
_- ---- A-8806

43 In ne No =0 c sI I000 "W

2 100 gm00 100002

Frqiamc in Hz
Fig. 70A. RANGE OF NOISE IN THE CH-47B HELICOPTER DURING

A LEVEL ACCELERATION FROM 40 KNOTS TRUE
AIR SPEED TO 140 KNOTS TRUE AIR SPEED

(Rotor speed is 225 rpm. Measuring position is at Station 320.)
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m~u~m~m M easx)11ured
In(Mn) Deata

---- HEL s-1-63B
--- MIL-A -8806A

2904

I3US 63 125 250 500 1oCo 000 4000 "ooo m000
* * 1 !.* I * * *--i-, u | i I *..

2 5 100 2 5 2000 2 5 i0000

Frequecy in Hz

Fig. 71A. RANGE OF NOISE IN THE CH-47B HELICOPTER DURING

A LEVEL ACCELERATION FROM 40 KNOTS TRUE
AIR SPEED TO 140 KNOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at Station 95.)

S(Mia) Measured
12 ;ý=mr Data•

8• •. HEL S-1-63B

0 --- m~I-A-8806A

81-

2 _

I

• I i , iI

00 O 0 000 1 0 0000

Frmency in Hz

Fig. 72A. RANGE OF NOISE IN THE CH-47B HELICOPTER DURING
A LEVEL ACCELERATION FROM 40 KNOTS TRUE

AIR SPEED TO 140 KNOTS TRUE AIR SPEED
(Rotor speed is 230 rpm. Measuring position is at Station 320.)
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Measured

---- EEL s-1-63B
0

5 100 2 5 oo 200 10000 2

Frequency in HZ

Fig. 73A. RANGE OF NOISE IN THE CH-47B HELICOPTER DURING
A LEVEL DECELERATION FROM 140 KNOTS TRUE

AIR SPEED TO 40 KNOTS TRUE AIR SPEED
(Rotor speed is 225 rpm. Measuring position is at Station 95.)

I Iax
(x)Measured

U 120 - ----- (i ) Dt

8 - - -- iiEa s-1-63B
o --- miL-A-8806A

10000 ioo

Fig. 74A. RANGE OF NOISE IN THE CH-47B HELICOPTER DURING
A LEVEL DECELERATION FROM 140 KNOTS TRUE

AIR SPEED TO 40 KNOTS TRUE AIR SPEED
(Rotor speed is 225 rpm. Measuring position Is at Station 320.)k ___________66



K

T- I

(Min) Measured12 - ----ilwil(Un) Ja -a
•,• ------ MIL-A-88c-SA

= 90----HE -1-"6i

I _ _ _I_ _III__ _ _ _ _ _

U31S 63 125 250 5"%0 IOC-0 2000 4000 sw00 16000
- I t ! a I . g . - - . , . _ -

S 5 100 2 5 1000 5 10000

Fmquency in HZ

Fig. 75A. RANGE OF NOISE IN THE CH-47B HELICOPTER DURING
A LEVEL DECELERATION FROM 140 N.NOTS TRUE

AIR SPEED TO 40 KNOTS TRUE AIR SPEED
(Rotor speed is 230 rpmr. Measuring position is at Station 95.)

- -I .. .i I

A - (Mix) Measured

- .---- HEL s-1-63T

8o _

0 -MILA-8806A

31.5 63 125 250 Soo 1000 2000 4000 0000 mwm0

i _ _ _

z s KO z IO00 z s 10000

Fremwmc in My

Fig. 76A. RANGE OF NOISE IN THE CH-47B HELICOPTER DURING
A LEVEL DECELERATION FROM 140 KN0TS TRUE

AIR SPEED TO 40 KNOTS TRUE AIR SPEED
(Rotor speed is 230 rpm. Measuring position is at Station 320. )
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rn(I.~x)Measured

- ---- IEL s--i-63B
0 --- miL-A-38806A

-100- -

331.5 63 125 250 500 low 2000 4000 6000C 16000

5 10 2 5 1000o 2 1oooo 2

Frelpenc in HIE

Fig. 77A. RANGE OF NOISE IN THE CH-47B HELICOPTER DURING
A PARTIAL POWER DESCENT OF. 500 FEET PER MINUTE

AT 60 KNOTS TRUE AIR SPEED
(Rotor speed is 230 rpm. Measuring position is at Station 95.)

mwiiuuuw~kx)Measured
-2 - (Min) Data

~- - - --HEL S-1-63B
0-M-tL-A-8806A

10

II

5 100 1000 V ooo0

firequny in 14z

Fig. 78A. RAINGE OF NOISE IN THE CH -47B HELICOPTER DURING
A PARTIAL POWER DESCENT OF 1000 FEET PER MINUTE

AT 60 KNOTS TRUE AIR SPEED
(Rotor speed is 230 rpm. Measuring position is at Station 95.)

68



kr

.1• ....__ _ I I I!
(max

1-(Ma~) Measured
- -- - - - -(l-iin) Data- 120 ---- HEL s-l-.63B

---- MIL-A-8806A

I0.

-1_0
•, 90- -3N

S 0

80-

t 31 63 125 250 500 I0VO 2000 4000 C I0

2 5 100 2 5 1 2 5 0000 2

Frouency in Hz

Fig. 79A. RANGE OF NOISE IN THE CH-47B HELICOPTER DURING

A PARTIAL POWER DESCENT OF 1500 FEET PER MINUTE
AT 60 KNOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at Station 95.)

,(ax) Measured• - (Min) Data

~-------Ls-1-63B

90& '

A3L T 63 IL 250 5DESCENT OF000 FEET PER MINUT
I Ig

2 5 100 2 5 two0 2 5 10000 -

Frreqwtcy in Nz

Fig. 80A. RANGE OF NOISE IN THE CH-47B HELICOPTER DURING
A PARTIAL POWER DESCENT OF 500 FEET PER MINUTE

AT 100 KNOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at Station 95.)
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-.-.. ( . .... M) Measured

120--- 14 r. Data

- - - - - -HL S-1-63B
I -- ,-NI.L-A-8806A

no "____!

90-

180-
31 43 125 25 So ow000 400 sw "O00m

10 0*2 5 10000 2

Frqency in Hz

Fig. 81A. RANGE OF NOISE IN THE CH-47B HELICOPTER DURING

A PARTIAL POWER DESCENT OF 500 FEET PER MINUTE
AT 100 KNOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at 3tation 320.)

120'-'- (Min) Deas edlta

-- HEL s-1-63B
---- MIL-A-88o6A

II
I- -

1000

&A 63 125 250 500 1000 2000 4000 "O1O000

5 00 2 5 1000 o 5 tO000 a

Frequncy in HZ

Fig. 82A. RANGE OF NOISE IN THE CH-47B HELICOPTER DURING

A PARTIAL POWER DESCENT OF 1000 FEET PER MINUTE
AT 100 KNOTS TRUE AIR SPEED

(Rotor speed is 230 rpm. Measuring position is at Station 95.)
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o• 12 , •-- -- Min) De-t

.. " ix) Measured

S.120 - - -I l a
S - - ----- iLEL s-1-63B

0 - -MILTA-88o6A

~90

80

j31.8 63 125 no0 800 o0 200" 4=0 .0 6woo

5 to 2 8 2 20. .

frmewncy 4r, Hz
Fig. 83A. RANGE OF NOISE IN THE CH 47B HELICOPTER DURING

A PARTIAL POWER DESCENT OF 1000 FEET PER MINUTE
AT 100 KNOTS TRUE AIR SPEED

(Rotcr speed is 230 rpm. Measuring position is at Station 320.)

3t
Measured12.0 1 --i::•••:: i.: : ., Dat-'•

------ EL s-I-63B
-- MIL-A-8806A

U 35 63 125 250 500 100(0 2000 4000 mfl 0 000IlO

no0

2 5 O 1 t00 2 5 IOO Cz 00

vywmjww in HZ•

Fig. 84A. RANGE OF NOISE IN THE CH-47B HELICOPTER DURING
A PARTIAL POWER DESCENT OF 15€00 FEET PER MINUTE

AT 100 KN0TS TRUE AIR SPEED
(Rotor speed is 230 rpm. Measuring position is at Station 95. )
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St I I II

~~(Makx) Measured
fv 120- - (Min) Dat

8 -~ ---- HEL s-1-63B
. ---- m A-886A

no NV
I90 --

S6 3 63 125 2O 500 Soo 2000 4000 800c W000
i 'p l ' 1 I , I ' ' " ,-

100 2 1000 2 0000 2

* Fig. 85A. RANGE OF NOISE IN THE CH-47B HELICOPTER DURING
A PARTIAL POWER DESCENT OF 1500 FEET PER MINUTE

AT 100 KNOTS TRUE AIR SPEED
(Rotor speed is 230 rpm. Measuring position is at Station 320.)
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r(

B&K Type 4131
condenser microphone

sound-lovel motorB Type "1623

octave-band

nu anetic tape recorder

Fig. 88A. EQUIPMENT USED TO OBTAIN AND RECORD DATA
IN THE CH-47B HEL1,OPTER
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level acceleration and deceleration, and partial-power descent. Results are presented and
compared with applicable parts of Military Specification MIL-A-8806 and U. S. Army Human
Engineering Laboratories Standard S-l-63B. Variations of the noise from that specified in
these documents are discussed, and it is recommended that the noise be reduced to conform
to the specified levels.

DD 'J47 : ~ ~ ~ ' AM 4. acNUnclassified

8 2 Isicle



U~nclassified

1 4. LINK A ¶gNX S LINK CKE[Y 30O0 - - -

ROLir Wr ROLa UT ROL[ WT

Human Factors Engineering
CH-47B Helicopter
Acoustical Study

Sound Measurements

tS

- -

Unclassified
Usecewty a~esmifietka


